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TITLE OF THE INVENTION 

READ-ONLY INFORMATION STORAGE MEDIUM AND 
METHOD OF REPRODUCING DATA FROM THE SAME 

CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001] This application claims the priorities of Korean Patent Applications Nos. 2002-60819, 
2002-63889, and 2003-45385, filed on October 5, 2002, October 18, 2002, and July 4, 2003, 
respectively, in the Korean Intellectual Property Office, the disclosures of which are incorporated 
herein in their entirety by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0002] The present invention relates to a high-density read-only optical information storage 
medium in which a pattern necessary for data reproduction is formed in a lead-in area and/or a 
lead-out area, thus improving reproduction characteristics, and a method of reproducing data 
from such a high-density read-only optical information storage medium. 

2. Description of the Related Art 

[0003] Generally, information storage media such as, for example, optical disks, are widely 
used in optical pickup apparatuses for recording/reproducing information in a non-contact way. 
Optical disks are classified as compact disks (CDs) or digital versatile disks (DVDs) according to 
their information storage capacity. Examples of recordable optical disks include 650MB CD-R, 
CD-RW, 4.7GB DVD+RW, DVD-RAM (random access memory), and DVD-R/RW (rewritable). 
Furthermore, HD-DVDs having a recording capacity of 20GB or greater are under development. 

[0004] As the capacity of information storage media increases as described above, the 
length and width of a pit recorded on read-only information storage media decrease. With such 
a reduction of the pit length and pit width, a signal for a minimum mark becomes very small, 
which makes it more difficult to measure a modulation degree. The modulation degree 
measurement is needed to measure the recording and/or reproduction performance of a data 
signal. For example, the degree of modulation based on a run-length-limited RLL (d, k) 
modulation technique is l(d+1)/l(k+1), wherein I denotes the intensity of a signal in an eye 
pattern. The eye pattern is a graph showing the characteristics of a data signal. 
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[0005] In a run-length-limited (RLL) modulation technique, modulation is performed based on 
how many bits of a value 0 exist between two bits of a value 1 . RLL (d,k) represents that the 
minimum and maximum numbers of bits of 0 between two bits of 1 are d and k, respectively. 
For example, RLL (1 ,7) represents that the minimum and maximum numbers of bits of 0 
between two bits of 1 are 1 and 7, respectively. In an RLL (1 ,7) modulation technique, if one bit 
of 0 exists between two bits of 1 , data "1010101" is recorded. Hence, a length between two bits 
of 1 is 2T. If 7 bits of 0 exist between two bits of 1 , data "10000000100000001" is recorded, and 
accordingly, a length between two bits of 1 is 8T. Here, T denotes the length of a minimum 
mark, that is, a minimum pit. Hence, in the RLL (1,7) modulation technique, data is recorded in 
the form of pits and spaces that range in length between 2T and 8T. 

[0006] In an RLL (2,10) modulation technique, data is recorded in the form of pits and spaces 
that range in length between 3T and 11T. 

[0007] In the RLL (1,7) modulation technique, a modulation degree is measured as l 2 /l 8 . In 
the RLL (2,10) modulation method, a modulation degree is measured as y\ u . 

[0008] FIG. 1 shows a structure of a lead-in area of a conventional read-only information 
storage medium. The lead-in area includes a control data zone 100a, a buffer zone 100b, and 
information zone 100d. The control data zone 100a stores disc-related information and copy 
protection information. The information zone 100d stores information regarding the state of a 
driver or disc. The lead-in area further includes a reserved zone 100c to store data that has not 
yet been determined but is added later. 

[0009] As shown in FIG. 1 , the conventional read-only information storage medium does not 
include an area used to measure a modulation degree. Accordingly, a measurer must measure 
a modulation degree directly from the eye pattern of data recorded in a user data area. 

[0010] FIG. 2 shows an eye pattern for a random signal during data recording based on the 
RLL (1,7) modulation technique. In FIG. 2, the horizontal axis denotes the time, and the vertical 
axis denotes the intensity (I) of a signal. In the related art, when a modulation degree is 
measured using such an eye pattern as shown in FIG. 2, a measurer moves the cursor of an 
oscilloscope to a crest of the wave of a signal pattern corresponding to a 2T-long minimum pit in 
order to measure l 2 , and also moves the cursor of the oscilloscope to a crest of the wave of a 
signal pattern corresponding to an 8T-long maximum pit in order to measure l 8 , thereby 
measuring a modulation degree of l 2 /l 8 . 
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[0011] However, with an increase in the recording capacity of information storage media, the 
length and width of a minimum pit decrease, and hence, the eye pattern of the minimum pit 
becomes smaller and, in turn, more difficult to accurately measure. Thus, in such a 
conventional modulation degree measuring technique, different measurers may output different 
measurement results, thus increasing an error. In other words, as the amplitude of an eye 
pattern decreases, measurers are increasingly likely to move an oscilloscope cursor to different 
locations on a crest of the wave of a signal pattern corresponding to the length of a minimum pit. 
Thus, the accuracy of a measured modulation degree is degraded. This problem becomes 
more serious as the capacity of information storage media increases. Also, as the length of a 
space between adjacent pits decreases, serious cross-talk occurs, which impedes an accurate 
measurement of a modulation degree. 

[0012] The above-described modulation degree measurement is necessary upon data 
reproduction. A system adaptation process is also necessary upon data reproduction. These 
requisites for data reproduction must be satisfied to achieve smooth data reproduction. 

SUMMARY OF THE INVENTION 

[0013] The present invention provides a read-only information storage medium in which a 
pattern for achieving a purpose necessary for data reproduction is formed in at least one of a 
lead-in area and a lead-out area, and reproduction characteristics are improved by using the 
pattern, and a method of reproducing data from the read-only information storage medium. 

[0014] Additional aspects and/or advantages of the invention will be set forth in part in the 
description which follows and, in part, will be obvious from the description, or may be learned by 
practice of the invention. 

[0015] According to an aspect of the present invention, there is provided a read-only 
information storage medium including a user data area, which stores user data, a lead-in area, 
and a lead-out area. A pattern for achieving a purpose is formed in at least one of the lead-in 
area and the lead-out area. 

[0016] The pattern may be a test pattern for measuring a modulation degree when data is 
recorded using a data recording modulation technique. 
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[0017] The test pattern may be recorded in such a way that at least one minimum pit and one 
maximum pit among pits produced by the data recording modulation technique are recorded in 
one period. 

[0018] The test pattern may include a pit with a length different from the lengths of the minimum 
and maximum pits. 

[0019] The test pattern may include a minimum pit and a maximum pit among the pits produced 
by the data recording modulation technique which alternate in each recording unit. 

[0020] The test pattern may include first and second patterns which alternate in each recording 
unit. The first pattern may include minimum pits and pits with lengths different from the 
minimum pits among the pits produced by the data recording modulation technique, and the 
second pattern may include maximum pits and pits with lengths different from the maximum pits 
among the pits produced by the data recording modulation technique. 

[0021] In the reproduction of the test pattern, tracking may be performed using a differential 
phase detection (DPD) method or a push-pull method. 

[0022] The data recording modulation technique may be an RLL (d,k) Modulation technique. 

[0023] The test pattern may yield a DC sum of a signal characteristic graph of 0. 

[0024] The test pattern may include a first data pattern of (d+1)T pits and a second data pattern 
of (k+1)T pits. 

[0025] The overall length of the first and second data patterns may be a 2n (n is a natural 
number) multiple of the least common multiple of (d+1) and (k+1). 

[0026] The purpose of the use of the pattern may be data reproduction. 

[0027] The pattern for a purpose may be a pattern for asymmetry measurement. 

[0028] A test zone may be included in at least one of the lead-in area and the lead-out area, 
and the pattern for a purpose is formed in the test zone. 

[0029] According to another aspect of the present invention, there is provided a read-only 
information storage medium including a data area, which stores user data, a lead-in area, and a 
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lead-out area. A pattern for partial response maximum likelihood (PRML) adaptation is formed 
in at least one of the lead-in area arid the lead-out area. 

[0030] The pattern for PRML adaptation may vary depending on the target channels of a PRML 
system and the value of d of an RLL (d, k) code. 

[0031] The pattern for PRML adaptation may include signals with lengths of at least one of 
2T, 3T length, and a range from 5T to (k+1)T, when a PRML (a, b, b, b, a) system and an RLL 
(d, k) code (where d is 1) are used for data reproduction. 

[0032] The pattern for PRML adaptation may include signals with lengths of at least one of 
3T and a range from 5T to (k+1)T, when a PRML (1,2, 2, 2, 1) system and the RLL (d, k) code 
(where d is 1) are used for data reproduction. 

[0033] The pattern for adaptation may be a pattern of 2T/2T/4T/4T when the PRML (a, b, b, a) 
system and the RLL (d, k) code (where d is 1) are used for data reproduction. 

[0034] The pattern for PRML adaptation may be a pattern of signals each having a 3T length, 
when a PRML (a, b, a) system and the RLL (d, k) code (where d is 1) are used for data 
reproduction. 

[0035] The pattern for PRML adaptation may include at least one of signals with lengths that 
range from 2T to (k+1)T, when a PRML system and an RLL (d, k) code are used for data 
reproduction. 

[0036] According to another aspect of the present invention, there is provided a method of 
reproducing data from a read-only information storage medium which includes a user data area 
for storing user data, a lead-in area, and a lead-out area. The method includes forming a 
pattern for achieving one of a test and an adaptation operation, both of which are necessary for 
data reproduction, in at least one of the lead-in area and the lead-out area, performing one of a 
test and an adaptation operation using the pattern, and reproducing the data. The pattern is 
one of a test pattern and an adaptation pattern, wherein, when the performing is performing a 
test operation, the pattern is the test pattern, and wherein, when the performing is an adaptation 
operation, the pattern is the adaptation pattern. 

[0037] The test-performing step may include tracking the test pattern, and measuring a 
modulation degree by using a signal characteristic graph for the test pattern. 
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[0038] According to yet another aspect of the present invention, there is provided a method of 
reproducing data from a read-only information storage medium which includes a data area for 
storing data, a lead-in area, a lead-out area, and a pattern for achieving a purpose necessary 
for data reproduction formed in at least one of the lead-in area and the lead-out area. The 
method includes: performing one of a test operation and an adaptation operation using the 
pattern; and reproducing the data. The pattern is one of a test pattern and an adaptation 
pattern, wherein, when the performing is performing a test operation, the pattern is the test 
pattern, and wherein, when the performing is an adaptation operation, the pattern is the 
adaptation pattern. 

[0039] According to still another aspect of the present invention, there is provided a method of 
measuring a modulation degree representing performance of data recording and/or 
reproduction. The method includes: reading a pattern having a removable DC component and 
generating a data signal in response thereto; removing the DC component of the pattern; and 
measuring the modulation degree of the data signal using a signal characteristic graph. The 
pattern is formed in at least one of a lead-in area and a lead-out area of a read-only information 
storage medium. 

[0040] According to yet another aspect of the present invention, there is provided a method of 
optimizing data reproduction characteristics. The method includes reading a pattern formed a 
read-only information storage medium including a data area which stores data, a lead-in area, 
and a lead-out area, the pattern formed in at least one of the lead-in area and the lead-out area. 
The pattern is at least one of a pattern for modulation degree measurement, a partial response 
maximum likelihood (PRML) adaptation pattern, and a pattern for asymmetry measurement. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0041] These and other aspects and advantages of the invention will become apparent and 
more readily appreciated from the following description of the preferred embodiments, taken in 
conjunction with the accompanying drawings of which: 

FIG. 1 shows a structure of a lead-in area of a conventional read-only information 
storage medium; 

FIG. 2 shows an eye pattern of a signal obtained by reproducing data recorded 
according to an RLL (1,7) modulation method; 
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FIG. 3 schematically shows a data structure of a read-only information storage medium 

according to an embodiment of the present invention; 

FIGS. 4A through 4D show examples of a pattern for modulation degree measurement, 

the pattern recorded in a test zone included in a read-only information storage medium of FIG. 

3; 

FIGS. 5A through 5C show equalizers used to obtain expected values of a partial 
response maximum likelihood (PRML) system which is used in a read-only information storage 
medium of FIG. 3; 

FIG. 6A shows a differential phase detection (DPD) signal for a single pattern and a 
push-pull signal for a single pattern; 

FIG. 6B shows a push-pull signal and a radio frequency (RF) signal, both having 
excellent characteristics; 

FIG. 6C shows a DPD signal having excellent characteristics; and 

FIG. 7 is a block diagram for illustrating a process of generating a signal for measuring a 
modulation degree. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENT 

[0042] Reference will now be made in detail to an embodiment of the present invention, an 
example of which is illustrated in the accompanying drawings, wherein like reference numerals 
refer to the like elements throughout. The embodiment is described below in order to explain 
the present invention by referring to the figures. 

[0043] Referring to FIG. 3, a read-only information storage medium according to the an 
embodiment of the present invention includes a user data area 20 which stores user data, a 
lead-in area 10 which is formed at the inner boundary of the user data area 20 to store disc- 
related information, and a lead-out area (not shown), which is formed at the outer boundary of 
the user data area. 

[0044] In the read-only information storage medium according to the present embodiment of the 
present invention, a pattern for achieving a purpose is formed in at least one of the lead-in area 
10 and the lead-out area. 

[0045] The purpose of the pattern is to reproduce data from an information storage medium. 
For example, the pattern may be a pattern for at least one of a modulation degree 
measurement, an asymmetry measurement, and a Partial Response Maximum Likelihood 
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(PRML) adaptation. The pattern is formed in a portion of at least one of the lead-in area 10 and 
the lead-out area. And, the pattern is formable in a test zone 10d of the lead-in area 10. 
Further, the test zone 10d is also includable in the lead-out area. The pattern is formable in 
both the lead-in area 10 and the lead-out area in order to improve reliability. 

[0046] The lead-in area 10 includes a control data zone 10a which stores disc-related 
information and copy protection information, a buffer zone 10b, a reserved zone 10c, and an 
information zone 1 0e which stores information regarding the state of a drive or disc. Examples 
of the disc-related information include information regarding the types of storage media, such as 
a recordable disc, a write-once disc, and a read-only disc, information regarding the number of 
recording layers, information regarding a recording speed, information regarding the size of a 
disc, and the like. 

[0047] For example, a pit pattern for measuring a modulation degree is formable in the test 
zone 10d. A method of measuring the modulation degree of data that has been recorded 
according to an RLL (d,k) modulation method will now be described in detail. 

[0048] As described above, the RLL (d, k) modulation method is based on the definition that the 
minimum and maximum numbers of bits of 0 between two bits of 1 are d and k, respectively. In 
this case, a pattern including a minimum pit and a maximum pit at least within a period (P) is 
formed in the test zone 10d. For example, in an RLL (1, 7) modulation method, data is recorded 
in the form of pits and spaces that range in length between 2T and 8T. Hence, a pattern 
including at least one 2T pit and one 8T pit within a period (P) is formed in the test zone 10d. 
Here, T denotes the length of a minimum mark. 

[0049] To be more specific, as shown in FIG. 4A, a pattern including a 2T pit and an 8T pit 
within one period (P) is formed in the test zone 10d. In this case, the period (P) is a recording 
unit, such as, an error correction code (ECC) block, a sector, and a frame. An address is 
recorded at the head of each recording unit. 

[0050] Alternatively, consecutive 2T pits are arranged at the front half of a recording unit, and 
consecutive 8T pits are arranged at the rear half thereof. Also, a 2T pit and an 8T pit may 
alternate, like 2T/8T/2T/8T/2T/8T, or a pattern of 2T/2T/8T/2T/2T/8T is formable. In other 
words, 2T and 8T pits are combinable in various ways to form a pattern. Meanwhile, one period 
comprises of two recording units as shown in FIG. 4B. In FIG. 4B, a minimum pit of 2T is 
recorded in one of the two recording units, and a maximum pit of 8T is recorded in the other 
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recording unit. In other words, if a pattern of minimum pits is recorded in one recording unit, a 
pattern of maximum pits is recorded in the next recording unit. 

[0051] Alternatively, a pattern of a minimum pit, a maximum pit, and a pit with a length different 
from the minimum and maximum pits is formable within one period (P). The pit different from 
the minimum and maximum pits has a middle length between the lengths of the minimum and 
maximum pits. For example, as shown in FIG. 4C, a pattern of 2T, 5T, and 8T pits is recorded 
within one period (P). In this case, as in the example of FIG. 4A, the period (P) is a recording 
unit, such as, an ECC block, a sector, or a frame. 

[0052] As shown in FIG. 4D, the pattern for modulation degree measurement (hereinafter, 
referred to as a test pattern) is also formable by alternating a first pattern, which includes 
minimum pits and a pit with a length different to the minimum pits, and a second pattern, which 
includes maximum pits and a pit with a wavelength different to the maximum pits. Each of the 
first and second patterns is recorded in each recording unit. In this case, the period (P) is 
comprised of two recording units. Each of the recording units may be an error correction code 
(ECC) block, a sector, or a frame. Accordingly, the first pattern is recordable in an n-th ECC 
block, and the second pattern is recordable in an (n+1)th ECC block. For example, as shown in 
FIG. 4D, a first pattern of two 21 pits and a 5T pit and a second pattern of two 8T pits and a 5T 
pit are recorded within a period (P). 

[0053] The test pattern recorded in the test zone 10d is configured so that a DC sum becomes 
0, thus increasing the reliability of signal reproduction. 

[0054] As described above, the test pattern including a minimum pit and a maximum pit is at 
least periodically recorded in the test zone 10d, and a modulation degree is easily measurable 
by using a signal for the test pattern. The test zone 10d which stores the test pattern is 
includable in a lead-out area as well as in a lead-in area in order to measure the reproduction 
performance of both the inner and outer boundaries. Since the structure of the lead-out area is 
similar to that of the lead-in area, it will not be described in detail. 

[0055] Instead of the test pattern, a pattern for adaptation to a partial response maximum 
likelihood (PRML) (hereinafter, referred to as a PRML adaptation pattern) is formable in the test 
zone 10d. In a PRML detection technique, an input signal is first pre-decoded so that current 
and previous data have an intersymbol-interference, and then the pre-coded input signal is 
modulated into a target response. The value of the target response is decoded into data by a 
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viterbi decoder. According to the PRML detection technique, channel characteristics (e.g., 
distortion) are compensated by equalization, and error correction due to jitter is achieved using 
a viterbi decoder. 

[0056] When an RLL (d, k) code is used in the PRML detection technique, the PRML 
adaptation pattern varies depending on the target channels of a PRML system and the value of 
"d" in the RLL (d, k) code. For example, in a PRML (a, b, b, b, a) system, the values in the 
bracket denote target channels. An PRML adaptation pattern represents all expected values 
that are obtainable from the target channels of a PRML system and is formed of at least one 
selected from signals with lengths that range from (d+1)T to (k+1)T. An PRML adaptation 
pattern is formed of signals with minimum lengths selected from signals with lengths in the 
range of (d+1 )T to (k+1 )T if possible. 

[0057] FIG. 5A shows an equalizer used to obtain expected values that are representable in the 
case where an RLL (d, k) code (where d is 1) and a PRML (a, b, b, b, a) system are used in a 
read-only information storage medium according to the present invention. The obtained 
expected values are shown in the following Table 1 . 
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[0058] As shown in Table 1 , a total of 10 expected values are obtainable in the case where the 
RLL (d, k) code (where d is 1) and the PRML (a, b, b, b, a) system are used. In the case where 
the PRML (1, 2, 2, 2, 1) system is used, 9 expected values, which are +8, +6, +4, +2, 0, -2, -4, 
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-6, and - 8, are obtained. The 9 expected values are representable by a PRML adaptation 
pattern formed by repeating at least one selected from signals with a 2T length, a 3T length, and 
lengths in the range of 5T to (k+1)T. The PRML adaptation pattern includes signals with lengths 
of at least 2T, 3T, and 5T. When a repetitive pattern of 3T/2T/2T/3T/5T/5T or 2T/2T/3T/3T/5T/5T 
is recorded, the repetitive pattern is usable for the purpose of achieving adaptation to the PRML 
(1, 2, 2, 2, 1) system upon data reproduction. The PRML (1, 2, 2, 2, 1) system represents all of 
the 9 expected values using the repetitive pattern. 

[0059] FIG. 5B shows an equalizer used to obtain expected values that are representable in the 
case where the RLL (d, k) code (where d is 1) and a PRML (a, b, b, a) system are used in a 
read-only information storage medium according to the present invention. The obtained 
expected values are shown in the following Table 2. 
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[0060] As shown in Table 2, a total of 7 expected values are representable in the case where 
the RLL (d, k) code (where d is 1) and the PRML (a, b, b, a) system are used. In the case 
where a PRML (1, 2, 2, 1) system is used, 7 expected values, which are +6, +4, +2, 0, -2, -4, 
and -6, are obtained. The 7 expected values are representable by a PRML adaptation pattern 
that is formed of at least one selected from signals with a 2T length and lengths in the range of 
4T to (k+1)T. When data is recorded in a repetitive pattern of 2T 2T 4T 4T, the repetitive pattern 
represents all of the 7 expected values obtained in the case where the PRML (1, 2, 2, 1) system 
and the RLL (1 , k) code are used. Thus, the repetitive pattern is usable for the purpose of 
achieving adaptation to the RLL (d, k) code and the PRML (a, b, b, a) system upon data 
reproduction. In other words, all of the 7 expected values of +6, +4, +2, 0, -2, -4, and -6 are 
representable by a pattern including 2T and 4T pits. 
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[0061] FIG. 5C shows an equalizer used to obtain expected values that are representable in the 
case where the RLL (d, k) code (where d is 1) and a PRML (a, b, a) system are used in a read- 
only information storage medium according to the present embodiment of the present invention. 
The obtained expected values are shown in the following Table 3. 
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[0062] As shown in Table 3, a total of 4 expected values are representable in the case where 
the RLL (d, k) code (where d is 1 ) and the PRML (a, b a) system are used. The 4 expected 
values are representable by a PRML adaptation pattern that is formed of at least one selected 
from signals with lengths in the range of 3T to (k+1)T. The PRML adaptation pattern is usable 
for the purpose of achieving adaptation to the RLL (d, k) code and the PRML (a, b, a) system. 
In the case where a PRML (1,2, 1) system and an RLL (1 , k) code are used, 4 expected values, 
which are +4, +2, -2, and -4, are obtained. In this case, all of the 4 expected values are 
representable by a pattern of 3T pits. 

[0063] The above-described PRML adaptation pattern is formable in at least one of the lead-in 
area 10 and the lead-out area (not shown). Further, the pattern is formed in the test zone 10d of 
the lead-in area 10. 

[0064] The pattern for achieving a purpose, according to the present embodiment of the present 
invention, may be a pattern for asymmetry measurement. When an RLL (d, k) code is used, the 
pattern for asymmetry measurement includes a (d+1)T pit and a (k+1)T pit at least. 

[0065] As described above, in the read-only information storage medium according to the 
present embodiment of the present invention, at least one of patterns for purposes, such as, 
modulation degree measurement, PRML adaptation, and asymmetry measurement, is formed in 
the test zone 10d to improve the reproduction characteristics of the information storage medium. 
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[0066] A method of reproducing data from a read-only information storage medium according to 
the present invention will now be described in detail. 

[0067] As described above, a test zone is installed in at least one of a lead-in area and a lead- 
out area, and a pattern for a purpose is formed in the test zone. The pattern for a purpose is 
used upon data reproduction and, for example, includes at least one of a pattern for modulation 
degree measurement (i.e., a test pattern), a PRML adaptation pattern, and a pattern for 
asymmetry measurement. 

[0068] The test pattern may be any of the patterns described above with reference to FIGS. 4A 
through 4D. Tracking is performed to measure a modulation degree using a test pattern formed 
of at least a minimum pit and a maximum pit selected from pits produced by the data recording 
modulation technique. 

[0069] Tracking can be achieved according to a differential phase detection (DPD) method or a 
push-pull method. In the DPD method, a tracking servo is implemented using the phase 
difference of an optical spot that is focused on a photodetector, for example, a quadrant 
photodetector. In the push-pull method, a servo is implemented using the right-left signal 
difference of an optical spot that is focused on a photodetector. These methods are well known, 
so they will not be described in detail. 

[0070] When a single pattern is tracked, controlling the tracking using the DPD method is 
difficult. FIG. 6A shows a DPD signal and a push-pull signal both for a single pattern formed of 
pits with 2T lengths and spaces with 2T lengths. The graph at the lower part of FIG. 6A shows 
magnified parts of the DPD signal and push-pull signal. FIG. 6B shows a push-pull signal 
having excellent characteristics and a radio frequency (RF) signal that is obtained by tracking a 
single pattern using the push-pull signal. Referring to FIGS. 6A and 6B, the push-pull signal for 
a single pattern has excellent characteristics. Hence, it is preferable that the push-pull method 
is used in tracking a single pattern. 

[0071] FIG. 6C shows a DPD signal having excellent characteristics. Compared with FIG. 6C, 
the DPD signal for a single pattern of FIG. 6A has a distorted triangular waveform, so that 
normal signal detection is impossible. However, the DPD signal works advantageously on 
tracking a random pattern. 
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[0072] Accordingly, a test pattern (i.e., a pattern for modulation degree measurement) formed in 
the test zone 10d can be tracked using a favorable detection method, either the DPD detection 
method or the push-pull method. 

[0073] Such tracking using a test pattern creates a signal characteristic graph, for example, an 
eye pattern. The signal characteristic graph is used in measuring a modulation degree. 
According to the RLL (1, 7) modulation technique, the pattern for modulation degree 
measurement is formed of minimum pits of 2T and maximum pits of 8T. I 2T is measured from a 
signal corresponding to the minimum pit of 2T, and l 8T is measured from a signal corresponding 
to the maximum pit of 8T. At this time, only the signal for the pattern for modulation degree 
measurement can be detected, so that detection of a signal of each of maximum and minimum 
pits is easy because of less influence of other signals. 

[0074] In particular, as the recording capacity of information storage media increases, detection 
of a minimum pit becomes more difficult. However, in the present embodiment of the present 
invention, a simple pattern including a minimum pit and a maximum pit is used as a pattern for 
modulation degree measurement, so that a modulation degree can be easily measured. As the 
size of a minimum pit deceases, cross-talk may occur between adjacent minimum pits. 
However, the pattern for modulation degree measurement according to the present invention 
includes regularly-arranged minimum pits, so that cross-talk occurs regularly. Thus, a 
modulation degree can be measured while taking the regular occurrence of cross-talk into 
consideration. If a random pattern is used, cross-talk between adjacent pits occurs randomly, 
so that modulation degree measurement in consideration of the influence of cross-talk is 
impossible. 

[0075] The test pattern for measuring the modulation degree of a read-only information storage 
medium according to the present embodiment of the present invention includes at least one 
minimum pit and one maximum pit selected from pits used in the data recording modulation 
technique and is also formed so that a signal characteristic graph has a DC sum of 0. 

[0076] According to the RLL (d, k) modulation method, data is recorded in the form of pits and 
spaces that range in length between (d+1)T and (k+1)T. In the RLL (d, k) modulation method, d 
denotes a minimum run length, and k denotes a maximum run length. In the production of a 
signal corresponding to the data, a DC component is removed by selecting two specific run 
lengths from run lengths in the range of from the minimum run length of d to the maximum run 
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length of k of a modulated code. For example, specific run lengths i and j satisfying d< i and 
j< k are selected. As shown in FIG. 7, in the production of a modulated signal, a random bit 
value producer 25 produces a random bit value, and a data pattern producer 27 produces first 
and second data patterns from the random bit value. The first and second data patterns 
undergo NRZI encoding 30 to produce a bit stream. Reference numeral 32 denotes a timing 
controller. 

[0077] The first and second data patterns are a pattern of consecutive (i+1 )T pits and a pattern 
of consecutive G +1 )T pits, respectively, where d< i and j< k. A DC component can be removed 
by setting the overall length of the first and second data patterns to be a 2n (where n is a natural 
number) multiple of the least common multiple of (i+1) and (j + 1). 

[0078] If i is 1 and j is 7, the first data pattern is a pattern of 2T pits, and the second data pattern 
is a pattern of 8T pits. The overall length of the first and second data patterns is set to be a 2n 
multiple of 8T, which is the least common multiple of 2T and 8T. If n is 1 , the total length of the 
first and second data patterns is set to be 16T by repeating the 2T pit eight times to form the 
first data pattern and repeating the 8T pit two times to form the second data pattern. If n is 2, 
the total length of the first and second data patterns is set to be 32T by repeating the 2T pit 
sixteen times to form the first data pattern and repeating the 8T pit four times to form the second 
data pattern. As described above, the first and second data patterns are formed of repetitive 
pits that depend on the specific run lengths i and j, respectively, and the total length of the first 
and second data patterns is set to be an even number multiple of the least common multiple of 
the first and second data patterns, thereby producing a DC sum of 0. 

[0079] The first data pattern includes a minimum pit at least and the second data pattern 
includes a maximum pit at least. In other words, in the RLL (d, k) modulation method, the first 
data pattern is formed of repetitive (d+1)T pits, and the second data pattern is formed of 
repetitive (k+1)T pits. The overall length of the first and second data patterns is a 2n (n is a 
natural number) multiple of the least common multiple of (d+1 ) and (k+1 ). If the least common 
multiple of (d+1) and (k+1) is indicated by I, (d+1) repeats 2np times, and (k+1) repeats 2nq 
times. Accordingly, p is l/(d+1), and q is l/(k+1). The above-described content is summarized 
as in Table 4. 
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Bit value 


Repetition number of bit value 


First data pattern 


0 


2np 


Second data pattern 


1 


2nq 



[0080] When a signal for measuring a modulation degree is produced by constituting a test 
pattern using the patterns of Table 4, a DC sum of 0 is obtainable. Thus, a modulation degree 
can be measured with accuracy. 

[0081] A PRML adaptation pattern is any of the patterns described above with reference to 
FIGS. 5A through 5C. Hence, data can be smoothly reproduced from a read-only information 
storage medium. 

[0082] As described above, at least one of a pattern for modulation degree measurement, a 
PRML adaptation pattern, and a pattern for asymmetry measurement is recorded in at least one 
of a lead-in area and a lead-out area. The use of these patterns enables optimization of data 
reproduction characteristics. 

[0083] In a read-only information storage medium according to the present embodiment of the 
present invention and a method of reproducing data therefrom, at least one of a lead-in area 
and a lead-out area includes an extra test zone in which a pit pattern necessary for data 
reproduction is recorded. Thus, the performance of data reproduction is improved. 

[0084] Also, signal measurement for minimum pits is prevented from becoming difficult due to a 
reduction of a pit length caused by an increase in the recording capacity. Hence, a modulation 
degree is measurable with accuracy, thus achieving more reliable data reproduction. 

[0085] In the data reproduction method according to the present embodiment of the present 
invention, a test pattern for modulation degree measurement is formed in a test zone, and a 
reliable modulation degree can be measured using a signal characteristic graph with respect to 
the test pattern. In addition, the test pattern is formed so that a DC component is removable, 
enabling a modulation degree to be more accurately measured. 

[0086] Furthermore, an optimal pattern for PRML adaptation is obtained to easily achieve 
PRML adaptation. Thus, the performance of data reproduction is improved. 
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[0087] Although an embodiment of the present invention has been shown and described, the 
present invention is not limited to the disclosed embodiment. Rather, it would be appreciated by 
those skilled in the art that changes may be made in this embodiment without departing from the 
principles and spirit of the invention, the scope of which is defined by the claims and their 
equivalents. 
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